The present study was undertaken to determine the effect of diethyl ether, thiopentone anaesthesia and surgery on plasma thyroid-stimulating hormone (TSH) in man utilizing a radioimmunoassay measurement technique. Measurements of serum thyroxine concentrations were performed simultaneously. Neither ether, thiopentone anaesthesia nor surgery changed significantly the plasma TSH concentration.
The thyroxine responses to ether, thiopentone anaesthesia and surgical operation have been reported by some investigators (Fore, Kohler and Wynn, 1966; Oyama et al., 1969a, b) . However, no study has been made to evaluate the influence of these anaesthetic agents and surgery on pituitary thyroidstimulating hormone (thyrotropin=TSH) in man. The synthesis and secretion of thyroxine in the thyroid gland are influenced by TSH. Therefore, it seems to be important to know whether anaesthesia and surgery influence thyroid function through the pituitary gland. Recently Oyama, Matsuki and Kudo (1972) demonstrated that neither halothane nor methoxyflurane anaesthesia influenced appreciably plasma TSH concentration. The present study was undertaken to investigate the effect of diethyl-ether, thiopentone and surgery on plasma TSH levels in man.
METHODS
Twenty-two subjects ranging in age from 18 to 61 years were the subjects of the study. All patients underwent elective operations (tables I, II) and no patient was included who had hepatic, renal, endocrinological or severe cardiovascular disease. Low molecular weight dextran (Rheomacrodex) 500 ml was infused throughout the procedure and blood was transfused to replace blood loss caused by the operation.
All patients received pentobarbitone 2 mg/kg by mouth H hours pre-operatively, and pethidine 35 mg with atropine 0.5 mg intramuscularly 1 hour before operation. For the ether series of 11 patients anaesthesia was induced with nitrous oxide 2 L/min, oxygen 2 l./min in a semicircle system: diethyl ether was administered by means of a Copper Kettle vaporizer, and barbiturates were not used for induction of anaesthesia. After 15 to 20 min of anaesthesia, endotracheal intubation was performed with the aid of suxamethonium 40 mg. During maintenance of ether anaesthesia, the depth was kept at plane 1 to 2 of the third stage, as judged by electroencephalography or gas chromatographic determination. Anaesthesia was continued for periods of from 1 hr 55 min to 5 hr 5 min (mean 3 hr 24 min).
In the thiopentone series of H patients, nitrous oxide and oxygen anaesthesia was induced with nitrous oxide (3.5 l./min) and oxygen (1.5 l./min), and approximately 200 mg of thiopentone sodium was given in divided doses. Further injections of 50-100 mg were made when needed and a total of approximately 500 mg was injected over 40 min of anaesthesia. Tubocurarine (15-30 mg) was used for muscle relaxation during abdominal surgery. Ventilation was assisted, and anaesthesia alone lasted for at least 40 min in each case.
Five blood samples were obtained from each patient: (1) in the morning immediately before induction of anaesthesia; (2) 15 and 30 min after induction of anaesthesia before surgery; and (3) after anaesthesia when the patient was awake in the recovery room. Five-ml samples of venous blood were drawn and the serum was separated within 30 min. Serum was assayed for thyroxine (T 4 ) using the resin sponge uptake of 13I I-T, according to the method of Nakajima and others (1966) . Plasma TSH was measured using a double antibody radio immunoassay method according to Odell, Wilber and Paul (1965) ; this has been described elsewhere (Oyama, Matsuki and Kudo, 1972 Department of Anaesthesia, Hirosaki University School of Medicine, Hirosaki, Aomori-Ken, Japan.
RESULTS
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The mean control plasma TSH concentration was 2.1 juU/ml; after 20 min of ether anaesthesia 1.6 fiU; after 40 min 2.4 jxU; during operation 2.3 U/ml. These changes were not statistically significant in comparison with control values (table I) .
The control serum thyroxine concentration was 11.2 ^"g/100 ml; it increased significantly to 14.0 /ig/100 ml after 40 min of anaesthesia; a further increase to 15.2 fig/100 ml was noted during operation as shown in table I and figure 1. 
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FIG. 1. Plasma TSH levels and serum T 4 levels during ether anaesthesia and surgery.
Thiopentone, nitrous oxide with tubocurarine.
The mean control pre-induction plasma TSH level was 2.0 ^U/ml, and it increased slightly during anaesthesia alone (2.4 fdJ) and operation (2.5 ^U). (table II) . These changes from the control level were not statistically significant.
The control thyroxine level in serum was 12.1 /ig/100 ml, and it fell significantly to 9.8 //g/100 ml 40 min after the start of anaesthesia. The level increased slightly to 11.4 jug/100 ml during operation ( fig. 2 ).
DISCUSSION
The thyroid is an endocrine gland whose function is under the direct control of the thyrotropic hormone of the anterior pituitary (TSH). According to Utiger (1968) concentrations of TSH in plasma in euthyroid subjects are 2 /iU/ml or less, which accords well with our control levels. The secretion of TSH by the anterior pituitary is regulated by two interacting elements: neural control by the hypothalamus and feed-back control by the thyroid hormone. The hypothalamus secretes thyrotropin- releasing factor (TRF), which stimulates the pituitary to release TSH; this, in turn, activates the thyroid follicular cell to synthesize and release thyroid hormone (neural control). Decreased concentrations of circulating thyroid hormone are followed by increased release of TSH, to which the thyroid responds with an increasing secretion of hormone; the converse takes place with increased concentration (feed-back control). It is likely that a similar relation exists between the thyroid hormone and the hypothalamus. The serum thyroxine levels in the ether group rose significantly during anaesthesia and surgery, which confirmed previous reports (Oyama et al., 1969a, b; Fore, Kohler and Wynn, 1966) . Plasma TSH concentrations, however, did not change appreciably. In the thiopentone group, the serum thyroxine level decreased significantly during anaesthesia, confirming our previous reports (Oyama et aL, 1969 a, b) . Again plasma TSH levels did not vary significantly.
Our data would suggest that TSH is unlikely to be responsible for the changes in circulating thyroxine during anaesthesia and surgery. Previously, by studying thyroxine distribution during ether anaesthesia, we had suggested an important role of the liver rather than of TSH (Oyama et al., 1969a) . It is noteworthy that according to Ganong (1969) the biological half-life of thyroxine is long (about 6-7 days), and its volume of distribution is large and less than that of extra-cellular fluid (10 1. or about 15 per cent of body weight). Besides, the thyroid is one of the large hormonal glands, being 15 to 25 g in weight in the adult, with a strong autoregulation. Therefore, even under acute stress (Oyama et al., 1968) , ADH (Oyama and Kimura, 1970) , and growth hormone (Oyama and Takazawa, 1970 ). An exception is that TSH is apparently not changed by anaesthesia or surgery. Odell, Wilber and Paul (1965) reported that insulin, arginine, and endotoxin, known to be stimulators of the pituitary hormones, failed to influence TSH. Charters, Odell and Thompson (1969) could not demonstrate a significant effect of surgical stress on plasma TSH under halothane or pethidine-nitrous oxide anaesthesia in 13 patients. Odell, Wilber and Utiger (1967) and Hershman and associates (1970) could not detect a significant influence of hypothermia or cardiovascular operations under extracorporeal circulation on human plasma TSH. These observations appear to support our present findings indirectly.
In contrast to ether, although there was an insignificent change in plasma TSH thiopentone-nitrous oxide anaesthesia significantly decreased the serum thyroxine level. From a clinical point of view, thiopentone-nitrous oxide-oxygen rather than diethyl ether anaesthesia could be a better choice for patients with hyperthyroidism. 
RESUMEN
El presente estudio tiene por objeto determinar el cfecto del dietil-cter, anestesia por tiopentona y cirugfa sobre la hormona estimulante del oroides del plasma (TSH) en el hombre uolizando una tccnica de medicion por ensayo radioinmunologico. Fueron efectuadas simultineamente mediciones de las concentrations de la riroxina serica. El <ker, la anestesia por tiopentona y la cirugfa no modificaron significativamente la concentracdon de la TSH en el plasma.
